Abstract. Research into cancer stem cells (CSCs), which have the ability to self-renew and give rise to more mature (differentiated) cancer cells, and which may be the cells responsible for the overall organization of a tumor, has progressed rapidly and concomitantly with recent advances in studies of normal tissue stem cells. CSCs have been reported in a wide spectrum of human tumors. Like normal tissue stem cells, CSCs similarly exhibit significant phenotypic and functional heterogeneity. The ability of CSCs to self-renew results in the immortality of malignant cells at the population level, whereas the ability of CSCs to differentiate, either fully or partially, generates the cellular hierarchy and heterogeneity commonly observed in solid tumors. CSCs also appear to have maximized their pro-survival mechanisms leading to their relative resistance to anti-cancer therapies and subsequent relapse. Studies in animal models of human cancers have also provided insight into the heterogeneity and characteristics of CSCs, helping to establish a platform for the development of novel targeted therapies against specific CSCs. In the present study, we briefly review the most recent progress in dissecting CSC heterogeneity and targeting CSCs in various human tumor systems. We also highlight a few examples of CSC-targeted drug development and clinical trials, with the ultimate aim of developing more effective therapeutic regimens that are capable of preventing tumor recurrence and metastasis. 
Introduction
The etiology of cancer development and the molecular mechanisms underlying conventional therapy-resistant progression, metastasis and recurrence are poorly understood, resulting in numerous patients who still fail therapy. Cancer is recognized as a heterogeneous disease, an intrinsic attribute that contributes to therapy failure. Emerging evidence from a number of tumor systems has revealed the existence of distinct subpopulations of stem-like cancer cells, termed cancer stem cells (CSCs) , that possess clonal long-term repopulation and self-renewal capacities. Theories suggest that both genetic and CSC models of cancer contribute to this tumor heterogeneity. With stemness as a guiding principle, data generated from advanced genome sequencing, epigenetics and the influences of non-tumor cell elements in the tumor microenvironment could potentially be combined in order to reveal the underlying mechanisms of tumor heterogeneity (1) . As a fraction of this heterogeneous population, CSCs are inherently resistant to cytotoxic chemotherapy and radiation, and evidence has linked stemness to prognosis and therapy failure (2) . This suggests that specifically identifying how CSC involvement is linked to tumor initiation, progression, metastasis and therapy resistance may lead to a more perceptive approach of developing therapeutics to target this cell population. Despite the vast complexity observed within a tumor, there are fundamental attributes of CSCs that may be exploited in drug development. A number of potential CSC therapeutic targets have been identified, including the ABC superfamily, anti-apoptotic factors, detoxifying enzymes, DNA repair enzymes and distinct oncogenic cascades. However, the key stem cell attribute of self-renewal, which ensures the continuation of the stemness heritage, has recently drawn considerable attention, possibly representing
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TAO YANG 1 and KIERA RYCAJ a new paradigm in cancer therapy. Below, we summarize the recent advances in CSC studies in various tumor systems, highlight efforts in developing targeted therapies against specific CSCs, discuss the mechanisms underlying CSC response and resistance to these therapies, and explore the possibilities of moving CSC-targeted therapy to the clinic.
Leukemia stem cells and targeted therapy
Acute myeloid leukemia (AML) is a heterogeneous disease that harbors numerous cell subpopulations with diverse genetic abnormalities and clinical features. Despite high remission rates following therapy, many patients with AML do not survive 5 years after their initial diagnosis. The main cause of treatment failure may be insufficient eradication of a particular subpopulation of leukemia stem-like cells (LSCs), which may be responsible for relapse by giving rise to more differentiated leukemic progenitors. Gene signatures specific to either LSCs in AML or normal hematopoietic stem cells (HSCs) have been developed, and were demonstrated to share a set of genes that defines a common stemness program. These stem cell-related gene signatures are significant independent predictors of patient survival in large clinical databases (2) . Determinants of stemness influence the clinical outcome of AML, demonstrating that LSCs are clinically relevant and are not artifacts of xenotransplantation. LSCs from diagnostic patient samples are genetically diverse, and reconstruction of their genetic ancestry reveals that multiple subclones of LSCs are related through a complex branching evolutionary process (3). The discovery that specific genetic events influence the frequency of leukemia-initiating cells (LICs) and that genetically distinct LICs evolve through a complex evolutionary process indicates that genetic and functional heterogeneity are closely connected. AML LSCs have been reported to bear the CD34 + CD38 -marker profile of normal HSCs (4, 5) . Xenotransplantation studies confirm the general rarity of LSCs, but also reveal a more complex heterogeneity of these cells (6) . Despite their similarities, AML LSCs may not be derived from normal HSCs as initially hypothesized. Furthermore, clonal evolution and CSC-directed development may not be mutually exclusive, and the two mechanisms may combine to create tumor cell heterogeneity (7) . In a hierarchical model, the most primitive CSCs develop into more mature tumor progenitors, which then develop into cells which are far more differentiated but have lower tumorigenicity. These functionally divergent tumorigenic subsets may be dissected by serial transplantations coupled with clonal tracking (5). Conversely, multiple CSC subsets in a tumor may exist in a tumorigenic pool of undifferentiated cells, with various origins, and with no association with each other in terms of lineage. In breast cancer, the CD44 + CD24 -cell population is enriched with progenitor cells and the CD24 + population is luminally differentiated. However, in certain tumors there is no correlation in lineage between CD24
-and CD24 + epithelial cells as the two populations harbor different genetic alterations (8) . Similarly, CD133 + and CD133 -glioma cells may have different cells-of-origin (9) . Evidence reveals that the primary tumor genotypes determine the overall phenotypes of tumor progenitors (10) . It is possible that more mature tumor-initiating cells (TICs) derived from primitive CSCs sustain secondary genetic hits and in turn become new CSCs, going on to develop independently of the original CSCs. Thus, hierarchical tumor-initiating populations and independently evolving tumorigenic clones may synergistically contribute to cancer cell heterogeneity.
Despite the absence of specific LSC markers, cell surface adhesion receptors including CD44, IL3R and the immunoglobulin mucin TIM-3, which are differentially expressed between normal HSCs and LSCs, are currently exploited for monoclonal antibody therapeutics in human AML. Treatment with antibodies against these molecules has demonstrated a notable decrease in leukemogenicity and eradication of CSCs in mice, suggesting promise in future clinical trials (11) (12) (13) . Additionally, differences in gene expression, specifically in microRNAs (miRNAs) between LSCs and bulk leukemia, have been examined in order to identify targets for anti-LSC therapy. In AML, abnormal miRNA expression patterns are correlated with tumor classification, cytogenetic status, molecular abnormalities and prognosis (14) . Deregulated expression of miRNAs is associated with uncontrolled self-renewal and/or therapy resistance (15, 16) . In a previous study (17) (17) .
In T-cell acute lymphoblastic leukemia (T-ALL), loss of Pten tumor suppressor frequently occurs and is associated with therapeutic resistance. The mTOR inhibitor rapamycin suppressed leukemia development in Pten null pre-leukemic mice but was not capable of eliminating LICs following the onset of T-ALL (18) . Notably, LICs in Pten null T-ALL models are actively proliferating, suggesting that LICs may be sensitive to cell cycle inhibitors. Indeed, combinatorial treatment with the Aurora kinase inhibitor VX-680 and the bromodomain inhibitor JQ1 of Pten null T-ALL mice induced robust elimination of leukemia blasts and significantly diminished LICs (18) . These results highlight potent synthetic lethality of co-targeting the PI3K pathway and cell cycle in Pten null T-ALL LSCs, suggesting a potentially novel therapeutic approach to treat human leukemia.
Breast CSCs and targeted therapy
In human breast cancer, analyses reveal a high degree of genetic heterogeneity within and between distinct tumor cell populations that are defined based on markers of cellular phenotypes (8) . Accumulating evidence supports the existence of breast cancer stem cells (BCSCs), which have the capacity to self-renew and divide indefinitely, and which are resistant to conventional therapies (19) . Therefore, eradication of BCSCs is theoretically necessary to cure the disease. In previous studies, a combination of surface markers was employed to purify out mammary basal stem cells (CD49f hi but epithelial cell adhesion molecule (EpCAM)-negative), luminal progenitors (CD49f + EpCAM + ) and mature luminal cells (CD49f -EpCAM + ) from normal mammary tissue and preneoplastic specimens in individuals heterozygous for the BRCA1 mutation, which is clinically linked to the development of basal-like breast cancers (19, 20) . Notably, the BRCA1-mutant samples exhibited a significant reduction in basal stem cells but a significant increase in luminal progenitor cells. This suggests that an aberrant luminal progenitor population may represent the BCSCs in BRCA1-associated basal-like breast tumors (20) . Independent studies in mouse models have deleted BRCA1 in basal stem or luminal progenitor cells and confirmed that only BRCA1 deletion in the luminal progenitor compartment phenotypically and histologically recapitulates human basal-like breast cancers (21) . Notably, mammary epithelial cells derived from BRCA1 mut/+ patients give rise to tumors with increased basal differentiation compared with BRCA1 +/+ cells (10) , suggesting that specific genetic mutations determine the phenotypic outcome of progenitor cells in tumor development.
The characterization of key signaling pathways that regulate the formation of BCSCs may have implications in the development of CSC-targeted therapies. For instance, the focal adhesion kinase (FAK) and its associated signaling pathways appear to play a significant role in the progression of breast cancer in vivo (22) . Genetic inactivation of FAK leads to defective BCSCs and depletion of the CSC pool in vivo, leading to the suppression of mammary tumorigenesis (22) . These results suggest that FAK inhibitors may be effective in eliminating BCSCs. Since residual breast cancer is enriched in BCSCs, which possess intrinsic chemoresistance (23, 24) , therapeutics that target BCSCs may help overcome drug resistance and prevent recurrence.
Notch and other major developmental pathways, including Wnt and Hedgehog (Hh), are considered to be central to the maintenance of BCSCs, and therefore represent potential targets for BCSC-directed therapy (25) . The roles of Notch receptors in stem cell activity in breast cancer cell lines and primary human tumor samples have been assessed. The results revealed that pharmacological or genetic inhibition of Notch1 or Notch4 reduced stem cell activity in vitro and reduced tumor formation in vivo, with Notch4 inhibition producing a more robust effect with a complete inhibition of tumor regeneration (26) . This and other successful preclinical data based on Notch-targeted therapies have led to the first clinical trial (27) . In this study, treatment with gamma secretase inhibitor (GSI) reduced BCSCs in patient-derived breast tumorgrafts via inhibition of the Notch pathway. GSI also enhanced the efficacy of docetaxel in preclinical studies. A subsequent clinical trial utilizing relevant doses of the two drugs resulted in decreased CD44 + /CD24 -, ALDH + and mammosphere-forming efficiency in patient tumors. This was the first clinical trial to establish a safe and potentially efficacious combination of a GSI in combination with docetaxel chemotherapy in patients with advanced breast cancer. However, a residual BCSC subpopulation remained unaffected by inhibition of the Notch signaling pathway in most tumors in the tumorgraft studies. Future molecular analysis of this particular population may help identify pathways of treatment resistance, potentially leading to the development of a 'cocktail' of BCSC inhibitors in order to improve treatment (27).
Prostate CSCs and targeted therapy
Homeobox gene Nkx3.1 is a known regulator of prostate epithelial differentiation, marking a luminal stem cell population that functions during prostate regeneration. It is an efficient target for oncogenic transformation in prostate cancer (PCa). Castration-resistant Nkx3.1 + cells (CARNs) in the absence of androgen are bipotential and self-renew in vivo; they may serve as a cell-of-origin for PCa (28) (28, 29) . Notably, castration in mice causes prostatic epithelial cells to undergo epithelial-to-mesenchymal transition (EMT), which appears to be associated with the development of castration resistance (30) . Also of interest, deletion of Pten in the cytokeratin-5 cellular compartment promotes basal-to-luminal differentiation and development of invasive PCa (31), suggesting that this tumor suppressor normally plays a critical role in maintaining the identity of prostatic basal epithelial cells.
In PCa, the prostate-specific antigen (PSA)-negative or low-expressing (PSA -/lo ) cell population harbors self-renewing cells that fulfill all criteria defining prostate CSCs (PCSCs) (32) . PSA + cells in untreated PCa are highly proliferative, contributing to tumor mass, whereas PSA -/lo PCa cells are notably tumorigenic and metastatic (32) . Significantly, PSA + cancer cells are plastic since constitutive overexpression of Nanog or persistent castration in vitro and in vivo induces their de-differentiation into PSA -/lo cells (32, 33) . Taken together, these data suggest that various subsets of PCSCs as well as cells-of-origin of PCa may all be encompassed in the PSA -/lo pool. In clinical settings, it is of great significance to determine which cells mediate castration resistance and initiate metastatic activity (34) . Human PCa cells, when orthotopically implanted in immunodeficient mice, exhibit more extensive metastasis than when ectopically implanted (35) . Therefore, it should be practically significant to perform metastasis assays and to identify metastatic PCSCs by performing orthotopic implantations.
From a drug development perspective, understanding how PCSCs are regulated at the molecular level is likely to provide essential clues in identifying potentially novel therapeutic targets. In this regard, Nanog, a homeodomain transcription factor essential for embryonic stem cell self-renewal and pluripotency, was demonstrated to play a critical role in positively regulating properties of PCSCs (33, 36) . Thus, knockdown of endogenous Nanog inhibits PCa as well as other cancer development by restricting CSC-associated activities (36) . By contrast, inducible expression of Nanog is sufficient to confer PCSC properties and to promote castration-resistant PCa development (33) . These studies suggest that genetic manipulation of Nanog may represent an effective method in developing novel therapeutics to target PCSCs. At the same time, miRNAs have emerged as critical regulators of PCSCs. In six populations of PCa stem/progenitor cells that possess distinct tumorigenic properties, multiple miRNAs were identified to be commonly and differentially expressed; namely, four miRNAs (miR-34a, let-7b, miR-106a and miR-141) were underexpressed, and two miRNAs (miR-301 and miR-452) were overexpressed in the tumorigenic subsets compared with the corresponding marker-negative subpopulations (37) . Among them, the expression patterns of miR-34, let-7b, miR-141 and miR-301 were further confirmed in the CD44 + human primary PCa samples. A subsequent study demonstrated that miR-34a, as a direct target of p53, functions as a potent negative regulator of PCSC and PCa growth/metastasis by directly repressing CD44 (34) . Similarly, let-7 also demonstrates suppressive effects on PCa development (37) . Furthermore, differential mechanisms of action between let-7 and miR-34a on the cell cycle were observed, with miR-34a mainly inducing G1 cell cycle arrest followed by cell senescence and let-7 inducing G2/M arrest (34, 37) . Finally, miR-128 functions as a tumor suppressor in PCa by limiting CSC properties mediated by BMI-1 and other central stem cell regulators (38) . In summary, this study revealed that different microRNAs collaboratively regulate various functional aspects of PCSCs, laying a scientific foundation for developing miRNA-based anti-PCSC therapeutics.
Skp2 E3 ligase is overexpressed in a number of human cancers and plays a significant role in cell cycle progression, senescence, metabolism, cancer progression and metastasis. In a study employing genetic and pharmacological approaches, it was revealed that Skp2 also positively regulated CSC populations and possessed self-renewal ability. With a focus on PCa, the group identified a specific Skp2 inhibitor that exhibited potent antitumor activities in various animal models and cooperated with chemotherapeutic agents to reduce cancer cell survival. This study therefore provides experimental evidence that Skp2 may represent a promising target for inhibiting CSC self-renewal (39).
Glioma stem cells and targeted therapy
Glioblastoma (GBM) has been strongly associated with the presence of CSCs (40) . CSCs in GBM have been enriched using several cell surface molecules including CD133, epidermal growth factor receptor (EGFR) and CD44 (40, 41) . Although stem cell gene expression patterns are associated with CD133 + GBM cells, tumorigenic cells are observed in CD133 + and CD133 -cell populations, which may have different cells-of-origin, suggesting that human malignant gliomas are extremely heterogeneous and may harbor numerous pools of self-renewing glioma stem cells (GSCs) (9, 42, 43) . Although the role of CD133 as a CSC marker is controversial to a certain degree, previous data suggest that CD133 is essential for GSC maintenance as disruption of CD133 expression by short hairpin RNA in human GBM neurospheres impairs the self-renewal and tumorigenic capacity of the neurosphere cells (44) . Thus, therapy against CD133 may represent a promising therapeutic strategy for patients with GBM.
Highly tumorigenic GSCs isolated from the tumor xenografts of human GBM reveal unique energy metabolic characteristics, including low mitochondrial respiration, increased glycolysis for adenosine triphosphate generation and preference for hypoxia to maintain their stemness and tumor-forming capacity (45) . Mitochondrial depression in the GSCs occurs mainly at complex II of the electron transport chain with a downregulation of the succinate dehydrogenase subunit B, inducing deregulation of hypoxia-inducible factors. Under hypoxia, GSCs are resistant to conventional chemotherapeutic agents including carmustine and temozolomide, but are highly sensitive to glycolytic inhibition (46) . Amplification of the EGFR gene is common in GBM, and numerous GBMs express EGFRvIII, an altered form of the EGFR gene, which correlates with a poorer prognosis (47) . A previous study reveals that EGFRvIII is highly co-expressed with CD133 and that EGFRvIII + /CD133 + defines the population of GSCs with the strongest capacity for self-renewal and tumor initiation (48) . Notably, elimination of the EGFRvIII + /CD133 + population using a bispecific antibody reduced the tumorigenicity of implanted tumor cells more effectively than any reagent directed against a single epitope (48). This study demonstrates that a mutated oncogene may have CSC-specific expression and may be used to specifically target this population.
Colorectal CSCs and targeted therapy
Substantial progress has been made in the treatment of colon cancer. However, the metastatic disease remains largely incurable. Lineage tracing and transplantation assays have demonstrated the existence of phenotypically distinct populations of tumorigenic and non-tumorigenic cells in a number of human cancers (4). In colorectal cancer (CRC), the tumorigenic population exhibits stem cell properties, mediates metastasis and is treatment-resistant. These cells are characterized by the expression of markers including LGR5 and CD44, downstream targets of Wnt signaling, a pathway deregulated in almost all CRCs (49) . These colon cancer stem-like cells also express the polycomb gene BMI-1, a gene that ultimately regulates genes involved in stem cell behavior. BMI-1 expression has been associated with aggressive colon cancer and poor patient outcome, and also mediates chemotherapy and radiation resistance (50) . One notable study demonstrates success in specifically exploiting stem cell self-renewal as a therapeutic target, thereby providing the basis for a new therapeutic approach in CRC treatment (51) . Data from this study demonstrate that tumor formation and human colorectal CSC function are dependent on the self-renewal regulator BMI-1. Downregulation of BMI-1 reduced human colorectal cancer growth and inhibited the ability of colorectal CSCs to self-renew, resulting in decreased tumorigenic potential. In addition, the BMI-1 inhibitor irreversibly impaired colorectal CSCs (51) . Following the success of this study, future studies should focus on additional molecules and gene signatures that underlie stemness.
High Wnt activity functionally defines colon CSCs (49) . Drug resistance of colon CSCs may be circumvented by pre-treatment with histone deacetylase (HDAC) inhibitors, which change the level of pro-and anti-apoptotic molecules and thereby facilitate cell death. Notably, treatment with HDAC inhibitors results in a strong reduction of typical Wnt targets, including LGR5, and demonstrates strong induction of differentiation (49) . HDAC inhibitors therefore pose a novel means to sensitize colon CSCs to chemotherapy by enhancing their differentiation. Conversely, CD44 could be a robust marker for colorectal CSCs, and osteopontin secreted from macrophages may function as a ligand for CD44 to maintain CSC properties (52) . The cellular prion protein (PrPc) was shown to be co-expressed with CD44 in colorectal CSCs. The PrPc + subpopulation within the CD44 + cell population exhibited high liver metastatic capability. PrPc promoted EMT via the extracellular signal-regulated kinase 2 pathway, rendering CSCs capable of metastasis (52) . Monoclonal antibodies against PrPc significantly inhibited the tumorigenicity and metastasis of colorectal CSCs in models of orthotopic transplantation. Moreover, PrPc may be a biomarker for circulating CRC CSCs and a potential target for cancer therapy (52) . Additionally, colon cancer cells were revealed to not only overexpress proteinase-activated receptor 2 (PAR 2 ) but also secrete the proteinases, which cleave and activate PAR 2 selectively (53). An autocrine loop of PAR 2 and its proteinases may play a significant role in the maintenance of colorectal CSCs. Knockdown of PAR 2 not only significantly attenuated sphere formation in vitro, but also inhibited CD133 expression.
5-fluorouracil induced greater apoptosis in CD133
+ cells than CD133 -cells after PAR 2 was knocked down, suggesting that PAR 2 signaling may be required by CD133 + CRC cells, and PAR 2 may act as another potential target for targeted therapy against colorectal CSCs (53).
Targeted therapy against other CSCs
In hepatocellular carcinoma (HCC), CD24 is a functional marker for liver CSCs and was observed to drive genesis of TICs through STAT3-mediated Nanog regulation (54) . In addition, TICs capable of tumor initiation and self-renewal in the presence of chemotherapeutic agents may also be enriched in terms of CD47 sorting. CD47 + HCC cells preferentially secreted cathepsin S (CTSS), which regulates liver TICs via the CTSS/PAR 2 loop. Suppression of CD47 by the Morpholino approach suppressed the growth of HCC in vivo and exerted a chemosensitization effect through the blockade of CTSS/PAR 2 signaling (55). These findings shed light on the cascades of CD24 and CD47 in liver TICs, which may provide promising therapeutic targets for HCC patients.
In head and neck cancer, aldehyde dehydrogenase (ALDH) may be used as a marker to enrich CSCs (56) . In murine models of melanoma D5 and squamous cell cancer SCC7, enriched CSCs are immunogenic and significantly more effective as an antigen source in inducing antitumor immunity than unsorted tumor cells or purified non-CSCs (56, 57) . Likewise, a high expression level of ALDH (ALDH hi ) is also a specific marker for the CSC population in human head and neck squamous cell carcinoma (HNSCC). When ALDH hi CSCs and cells with low levels of ALDH (ALDH lo ) were isolated from HNSCC, and effector T and B cells and dendritic cells (DCs) were generated from the patient peripheral blood mononuclear cells, immunization of DCs with ALDH hi CSCs was demonstrated to sensitize T and B cells to produce significantly higher amounts of interferon-γ, granulocyte-macrophage colony-stimulating factor, IgM and IgG, respectively, as compared with immunization with ALDH lo cells (57) . These observations indicate that immunization of DCs with ALDH hi CSCs boosts cellular and humoral immunity against head and neck cancer, which may help develop novel approaches for head and neck cancer treatment by utilizing an autologous CSC-based vaccine to selectively and immunologically target CSCs.
Drug resistance in non-small cell lung cancer (NSCLC) and small cell lung cancer (SCLC) may be attributable to the persistence of a subpopulation of CSCs that exhibit multiple drug resistance. For example, CD133 + NSCLC cells are more tumorigenic than CD133 -cells and express genes involved in stemness, adhesion, motility and drug efflux (58) . In a previous study, CD133 expression in SCLC was correlated with chemoresistance and increased tumorigenicity in vitro and in vivo, as well as increased expression of Akt/PKB and Bcl-2. In CD133 + SCLC cells, an increased expression of the mitogenic neuropeptide receptors for gastrin-releasing peptide and arginine vasopressin was noted (59) . These cells demonstrated increased sensitivity to the growth inhibitory and proapoptotic effects of a novel broad-spectrum neuropeptide antagonist. These results indicate that neuropeptide antagonists preferentially target chemoresistant CD133 + cells with CSC characteristics in SCLC, therefore offering a potentially novel therapy for resistant SCLC (59).
Conclusion
Currently, most anti-cancer therapeutics primarily target either differentiated or proliferating cancer cells, and may not be effective against CSCs that are relatively undifferentiated and mostly quiescent. Emerging evidence indicates that a number of conventional anti-cancer therapies may actually enrich CSCs, possibly as a result of elimination of differentiated and proliferative cancer cells as well as by inducing de-differentiation or transdifferentiation (60, 61) . Notably, CSCs and non-CSCs were observed to reciprocally regulate or protect each other. In GBM, GSCs that express high levels of mutated EGFR produce interleukin-6 and leukemia inhibitory factor, which activate gp130 and wild-type EGFR in the adjacent non-GSCs within glioma tissue (43) . Conversely, non-CSCs in colon cancers protect CSCs from the toxic effects of chemotherapeutic drugs (62) . Taken together, these observations highlight the benefit of targeting undifferentiated CSCs as well as differentiated non-CSCs. By synchronously targeting tumorigenic and non-tumorigenic cells, cancer cell heterogeneity and plasticity could theoretically be eradicated (63) . In clinical treatment, non-tumorigenic tumor cells are treated relatively easily by most standard-of-care therapies, whereas the current obstacle is to identify novel therapeutic agents that specifically target undifferentiated or dormant CSCs, which should be identifiable by exploiting CSC-specific phenotypic or genetic features.
